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ABSTRACT

Gold, Zachary S. M.S., Purdue University, August 2014. Preschoolers’ Physical, Social,
and Engineering Play Behaviors: Differences in Gender and Play Environment. Major
Professor: James G. Elicker.
This study explored gender differences in the occurrence of 66 preschoolers’ (ages 3-to-5;
29 girls, 37 boys) physical, social, and “engineering thinking play” behaviors across three
play environments: the traditional playground, the dramatic play area, and an
environment in which children played with large, manipulable, loose parts. Previous
research has indicated that young children are not engaging in enough physical play to
maintain healthy lifestyles. Play may also have benefits for social competency and
cognitive development. Observations of children’s engagement with a new and engaging
play material, Imagination PlaygroundTM blocks, which are designed to foster
imaginative and creative constructive play, were used to understand more about
preschoolers’ physical activity, social behaviors, and “engineering thinking play,” a
recently developed construct that focuses on early design- and construction-related
thinking and behavior. The “engineering thinking play” observation measure was used as
an index of the types of behaviors in which preschoolers are engaging that parallel
thought-processes and behaviors associated with the engineering process (e.g.,
explanations of how things are built, construction, and generation of innovative and
creative ideas). Results indicated no gender difference in the frequency of occurrence of
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early engineering thinking play, suggesting that research is needed exploring processes
underlying boys’ and girls’ early cognition, and girls’ subsequent disinterest in science,
technology, engineering, and mathematics-related (STEM) careers, compared to boys.
Additionally, children’s play with large, manipulable, loose parts was associated with
three times the frequency of engineering thinking play than occurred in the traditional
outdoor playground. Large loose parts play also included high levels of gross motor and
fine motor physical activity, and positive social play behaviors. These observations
suggested that play with loose parts and other manipulable materials may benefit
children’s development in multiple domains.

1

CHAPTER 1. INTRODUCTION

Preschool play research has declined in recent years as studies on early childhood
education have focused more on instruction of discrete skills, such as mathematics and
reading, which have been strongly correlated with future academic outcomes (Duncan et
al., 2007; Romano, Babchishin, Pagani & Cohen, 2010). Research on play should not be
ignored because physical and social play have implications for health (Cardon & Ils De
Bourdeaudhuij, 2008) and positive and negative peer interactions (Denham, Blair,
Schmidt, & De Mulder, 2002). In addition to the physical and social benefits of play, it is
possible that play during the preschool years cognitively stimulates children and lays the
foundation for future logico-mathematical abilities through children’s active
experimentation during play (Piaget, 1973). Some research has suggested that play with
engaging materials may provide preschool-aged boys and girls with a simpler method
than classroom instruction through which to explore early cognitive abilities and thinking
that precedes higher-order mathematical abilities (Sutton, 2011). Play with engaging
materials may be useful in exploring Piaget’s ideas about children’s development of
intelligence as spontaneously and gradually emerging from children’s construction of
simple logico-mathematical structures through early experience that is less dependent on
teachers (Piaget 1962, 1973). Bandura’s social learning theory (1962) is also useful in
discussions of children’s choices about play materials and play behaviors.
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Current research on early mathematical learning suggests that the design of
classroom instruction in discrete skills may be associated with girls’ decreased interest in
science, technology, engineering, and mathematics (STEM)-related careers in earlyadulthood, compared to boys (Villalobos, 2009). As such, more research is needed
exploring the presence of behaviors in preschoolers that are related to future
mathematical skills, especially in the context of gender and environment. Block play has
been seen as an important tool in children's cognitive development and learning. Playing
with blocks has been correlated with spatial abilities and preschoolers’ early
understanding of shapes and sizes (Caldera et al., 1999; Park, Chae, & Boyd, 2008).
Additionally, preschool play with loose parts such as blocks, sand, stones, and water, has
been shown to elicit behaviors associated with the development of construction-related
thinking in children (Sutton, 2011).
The current study sought to explore the association between preschool play and
construction and design-related thinking, using the recently developed construct of “early
engineering thinking play,” play in which children engage in behaviors associated with
the engineering design process (e.g., explaining how things are built, communicating
goals, generating ideas, and constructing). Sparse work done in this area has shown that
when preschoolers play with loose parts they devote considerable attention to the process
as well as the product of their designs (Brophy & Evangelou, 2007). Studies have also
correlated construction-type play with children's abilities to imagine, create, think about
problems and solutions, and explain processes to others (Bairaktorava, Evangelou,
Bagiati, & Brophy, 2011).
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The current study examined gender and environmental differences in
preschoolers' physical, social, and engineering thinking play behaviors. Particularly
relevant was the inclusion of the Imagination PlaygroundTM materials as a new and
potentially unique play context: large, manipulable, loose parts that were specifically
designed to foster creative and imaginative play in young children. The main goal of this
study was to explore preschoolers’ engagement in a wide array of physical, social, and
engineering thinking play behaviors, to draw implications about future research on
gender and environmental differences during play with materials designed to stimulate
imaginative thinking. Gender differences in the mean rates per hour of physical, social,
and engineering thinking play behaviors were explored and compared in the same
selected play settings: the traditional playground, the dramatic play area, and a play area
that included the Imagination PlaygroundTM blocks.
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CHAPTER 2. LITERATURE REVIEW

2.1

The Importance of Play

Theories and frameworks about young children's play date back to the early 19th
century, when Schiller (1800; 1954) posited that children play to expend surplus energy.
More recently, contemporary theorists such as Freud (1922; 1959), Erickson (1950), and
Piaget (1962) have offered varying opinions about play in the context of pleasure and
intellectual development. Freud (1959), postulated that the motivation for play was the
pleasure principle and that children play in order act out the things they desire, such as
becoming a police officer. He also believed that children play to reenact unpleasant
experiences to gain a mastery over them. Erikson (1950) offered the idea that play
develops in stages, according to the development of the child. According to Erikson, play
begins with self-centered actions and exploration of such things as daydreaming and
thumbsucking. Erikson believed play develops in complexity until children begin to focus
less on themselves and play more cooperatively with other children. Piaget (1962)
posited that play has implications for intelligence, such that play allows children to
assimilate environmental stimuli. He also believed that play is important in building the
earlier structural foundations of intelligence (Piaget, 1973). Piaget thought that
intelligence gradually emerges from children’s experiences with their environments,
piecing together ideas about objects and experiences that help lay the foundation for
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future abilities to think logically. Today, child-initiated play is characterized as an
essential activity for exploration, imagination, and learning, because it is thought to help
children make sense of the world (Gopnik, 2009; Nicolopoulou, 2010).
Although research interest in children's play gained momentum in the 1980s and
1990s (Fein, 1981; Frost, 1992), there has been a recent shift in researchers' focus on
early childhood learning. The importance of play in learning has sometimes been
overlooked, as instruction in discrete skills in mathematics and literacy have been found
to correlate strongly with future academic outcomes (Duncan et al., 2007; Romano et al.,
2010). Evidence on math and reading, coupled with political and social pressure to
increase academic achievement in low income and disadvantaged children, has led to
earlier installation of didactic instruction in classrooms (Miller & Almon, 2009). In early
childhood education practice, high stakes achievement testing, at younger ages, plus
academic standards that prescribe skills that should be learned at each age level, recently
extending downward into the pre-kindergarten years, have children seeing reduced
playground time (Nicolopoulou, 2010).
Some scholars believe that play has not been researched enough in the context of
children's cognitive, socio-emotional, and physical development, and that play is as
important in development as specific instruction in discrete classroom skills (Miller &
Almon, 2009). Research on children's physical activity (Trost, Sirard, Dowda, Pfeiffer, &
Pate, 2003) and socio-emotional well-being (Blair, Denham, Kochanoff, & Whipple,
2004) has led to recent suggestions that children are not provided with enough
opportunities for child-initiated play. The current study attempted to address these
concerns by conducting exploratory research, examining the natural occurrence of
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physical, social, and engineering thinking play behaviors with engaging materials in
multiple play environments. Before reviewing the engineering thinking play construct, as
well as research on physical and social play, it is important to outline two major theories
that guided this study.

2.2

Theories of Young Children’s Differences In Play Behavior

A discussion of theories about variations in young children's play behavior is
necessary in explaining the roots of research on preschoolers' play differences in the
context of physical play, social play, and engineering thinking play. Social learning
theory (Bandura, 1962), and Piaget’s theories about cognitive development (1962) and
mathematical education (1973) have been useful in providing a context for preschool play.
Social learning theory (Bandura, 1962) posits that learning takes place in social
contexts and may occur simply through observing others and imitating their actions.
Current research suggests that children begin imitation within minutes after birth by
mimicking mother's facial expressions, such as smiling and frowning (Melztoff & Moore,
1989). Research also indicates that learning through social observation is an important
mechanism through which young children develop knowledge and social skills (Barr,
Viera, & Rovee-Collier, 2001). Although social learning continues through adulthood, it
is perhaps more important in early stages of life, as children navigate their environment
and curiously observe their surroundings (Barr, Viera, & Rovee-Collier, 2001). In the
context of the current study, play with large blocks and other play materials, within
various environments, may be related to children’s creativity, thinking, and behavior
based on observations of other children's play.
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Other useful models in explaining young children's play are Piaget's theory of
cognitive development (1962) and Piaget’s ideas about the development of mathematical
education (1973). Piaget (1962) posited that children are actively curious about their
environments, and in order to satisfy their curiosities they engage in trial-and-error
processes to learn which behaviors are useful or useless in accomplishing tasks.
According to Piaget, preschool-aged children do not yet understand concrete logic, and it
is difficult for them to mentally manipulate information. During this time, children
frequently engage in symbolic and dramatic play. Behaviors such as playing house,
pretend fighting, and the use of various objects to symbolize something else, are common.
Also, as children engage in social play they may challenge each other’s ideas and
explanations for social and physical processes, resulting in accommodation and
development of thinking. Preschoolers' active curiosity, combined with dramatic play and
a gradually more complex understanding of environments and other people, may be
potentially beneficial for learning and social competency. In this regard, Piaget's ideas
about cognition are still applicable to contemporary research on play. Piaget (1973) has
also suggested that young children’s intelligence gradually emerges from experiences
with their environment. He posits that early experiences with structural elements of
young children’s environments, such as toys, objects, and materials, promote a basic level
of cognition in children that helps develop early mathematical foundations. These
experiences build upon one another, until a point later in development when children
become capable of logico-mathematical thinking. During the preschool years, many of
these early structural experiences occur regularly during play.
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As a whole, preschool play may be viewed from any or all of the perspectives
described. Play is multi-dimensional, as children might have different motives and
desires while they explore various play materials alone and with other children (Fleer,
2012). It is possible that social learning theory and Piaget's theories of cognitive
development and mathematical development each play important roles in a full
understanding of preschoolers' development in the context of play. Children's curiosity
and observation of the processes by which other children play, may promote active
learning in various play environments and influence cognitive, physical, and social
learning skills. Parts of these theoretical frameworks are useful in providing context on
some of the physical, social, and cognitive elements of preschool play. Before reviewing
the relevant literature on physical and social play, it is important to place engineering
thinking play into a developmental context and provide previous research and general
ideas about the potential benefits of studying early engineering thinking through play.

2.3

Exploring Engineering Play

Early engineering thinking play is a recent construct in the early childhood
education field. It has been categorized by Bairaktarova and colleagues (2011) and
includes 9 types of frequently observed engineering thinking during preschoolers' play:
communicates goals, generating design ideas, construction, problem-solving and
replication, expressing creative or innovative ideas, solution-testing and evaluating
design, explaining how things are built or work, following patterns and prototypes and
using logical and mathematical thinking and technical vocabulary (Bairaktarova et al.,
2011). The current study defined the early engineering thinking construct, and
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distinguished it from other types of early creative thinking, as young children's
observable thought-processes specifically related to design in the context of construction
(Bairaktarova et al., 2011; Brophy & Evangelou, 2007; Evangelou, 2010).
According to Piaget’s theory of intellectual development, preschool-aged children
are not capable of abstract thinking (Piaget, 1962). As such, it is possible to misinterpret
ideas about engineering thinking play as suggesting that preschoolers can think abstractly.
Piaget (1973) posited that although preschoolers are incapable of logico-mathematical
thinking, early experiences help children formulate ideas that gradually develop into
higher-order intellectual thinking at older ages. As children actively engage with their
environments, through trial-and-error processes, they are learning things that work and
things that fail, and can assimilate environmental stimuli into their thoughts about the
world (Piaget, 1962; Piaget, 1973). Based on previous research, it is possible that play
with engaging play materials, such as the Imagination PlaygroundTM blocks used in this
study, helps preschoolers build some of the early structural ideas that eventually lead to
logico-mathematical thinking, as Piaget described (Sutton, 2011). Although abstract
thinking is not possible in young children, it has been suggested that engaging play
materials in preschools, stimulate children’s cognition using simpler methods than
classroom instruction, and may help push children toward the eventual manifestation of
abstract thinking later in development (Sutton, 2011). It is important to place
developmental context around each of the 9 engineering play behaviors, in order to
support preschoolers’ abilities to engage in these behaviors:
“Communicates goals,” is categorized as occurring when a child has a goal or
purpose and communicates the goal while constructing or using materials. For example,
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during the construction of a castle, Susan might say, “Let’s put the little block on top like
a tower.” Susan is expressing her idea about a purpose during construction. This
statement suggests that if the small block on top works as a tower, Susan and her peers
might understand something about how castles are meant to look. Having a goal is also
important in the engineering process.
“Design and construction,” is categorized as occurring when a child constructs a
model of something and builds an object using materials trying to make this object work
in a certain way. For instance, Susan might join her friend Tommy in collecting all of the
blocks they will need to build the castle and its tower, discussing which blocks they think
they will need, and then building the tower based on their conversation.
“Problem solving and replication,” is categorized as occurring when a child states
intention to change something in order for it to work better. This might include redoing
something in order to improve its function or process. For instance, during the
construction of the castle tower, Tommy might say, “Susan, the little block does not look
like a tower. It is not tall enough. Let’s get the long thin block for the tower.” Tommy
may have seen a better version of a tower in his previous experiences with castles, and he
thought Susan’s version was not accurate. This example is also possible for preschoolers,
and it does not suggest that preschoolers are engaging in activities more complex than
taking the castle down and reworking it.
“Creative and innovative ideas,” are categorized as occurring when a child tries a
different, less common approach when playing with materials and/or building an object
in regard to shapes or functionality. For example, after observing Tommy and Susan
building the castle tower, William decides that he will build his own tower, but he wants
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to be able to climb up to his tower, like a real castle. For this reason, William stacks some
larger blocks on top of one another, to make stairs, so that he may reach the top of his
tower by climbing the stairs. Functionally, Williams has used his innovate idea to build
stairs and actually reach the top of his tower. He did this through observing his peers and
thinking about a way to do something better.
“Solution testing and evaluating design,” is categorized as occurring when a child
stops constructing to evaluate the object and whether it functions as needed or planned.
For example, while William is building his stairs, he might realize that his stairs only
allow him to climb up to the side of the tower and not actually in the tower. For this
reason, he might pull down the side of the castle near his tower, to see if he can make his
stairs go inside the castle.
“Explaining how things are built or work,” is categorized as occurring when a
child explains during or after the activity, what the child thinks he/she has made or done.
This might include Susan saying, “Look Tommy, we built the castle, and the long thin
block looks like a tower!” This engineering thinking behavior is useful when children are
excited and talking about what they have just created.
“Following patterns and prototypes,” is categorized as occurring when a child
attempts to use his/her new creation in different settings, or trying to talk about where
he/she has used these ideas before. For instance, Tommy might say, “Susan, I saw Dora
the Explorer look down from a tower in a castle. Then my Dad made a castle with me
from a box. Let’s build a castle with these blocks.” Tommy is incorporating his previous
experiences and knowledge into a new environment with Susan.
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“Logical mathematical thinking,” is categorized as occurring when a child
references numbers or displays some level of mathematical concepts during play, like
shapes, sizes, or estimation. Perhaps those who developed this category should not have
described these behaviors as “logical/mathematical,” given that they are simpler
mathematical-related abilities in which some preschoolers certainly display, but are not
necessarily abstract or logical as the title implies. For instance, Tommy might say, “Look
Susan, we have one tower on our castle. What if we build another castle with two towers?
Wouldn’t this make the castle bigger or taller or better?” Tommy’s suggestion shows his
awareness of two being greater than one, and that a castle with two towers might be
larger. Nevertheless, since this study used a previously developed observation instrument,
it used the previous category titles, but attempted to qualify results pertaining to the
measure.
“Technical vocabulary,” is categorized as occurring when a child uses accurate
technical vocabulary, such as “push,” “gear,” or “hammer this.” For example, William
might say, “Look Susan, I stacked the blocks to make stairs, and now I have a way to see
from my tower.”
The 9 engineering thinking play behaviors described were each observed in
preschoolers during the current study. They are not meant to suggest that preschoolers
display cognitive abilities rarely seen in 3-to-5 year-old children. They are meant to
parallel engineering thinking later in development, in ways that preschoolers are capable
of expressing the engineering process. Many times, preschoolers may even engage in
these behaviors without direct intentions to do so. The 9 engineering thinking play
behaviors do align with Piaget’s ideas about early structural experiences influencing the

13
development of thinking in young children (Piaget, 1973). As preschoolers are building,
constructing, tearing down, talking about building, changing things, using previous
knowledge, and observing each other, they are learning about structural differences in the
design and construction process that may help formulate early cognitive abilities that
eventually develop into logico-mathematical abilities. This may be useful in the
development of curriculum during early childhood. Although research on engineering
thinking play is scarce, previous studies on the construct have supported the notion that
preschoolers gain some cognitive benefits from play with engaging materials. This
supports their ability to display early engineering thinking through play.

2.4

Engineering Thinking Play in Young Children

The few studies on early childhood engineering skills indicate that children as
young as preschoolers are capable of understanding ideas about the engineering process
(Bagiati, 2011; Bagiati & Evangelou, 2011; Brophy & Evangelou, 2007). According to
Brophy and Evangelou (2007), children are as interested in the block-building process as
they are in the block-building product. This indicates that children are interested in
engineering, at least on a basic level, regardless of whether they realize their interests.
Evangelou and colleagues (2010) showed that young children's play with tangible
artifacts leads to numerous questions and discussions about those artifacts, leading
researchers to believe that young children are capable of evaluating their play and the
things they create (Evangelou, Dobbs-Oates, Bagiati, Liang, & Choi, 2010). Bagiati
(2011) has even observed early engineering thinking in young children's group
interactions and discussions. Bairaktarova and colleagues (2011) were able to observe 3-
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to-5 year old children engaging in play with various loose parts such as blocks, sand
towers, water tables, and snap circuits. From their observations, they concluded that
preschoolers engage in various kinds of engineering skills. Specifically, they used these
observations to create the 9 types of engineering thinking play used in this study
(Bairaktarova et al., 2011). These studies lend support to the notion that engaging play
materials, especially loose parts, promote thinking and some level of cognitive skills in
preschoolers and young children. Many of these cognitive abilities may be related to
Piaget's ideas (1962, 1973) about intellectual development in young children, as they
involve thought processes resulting from the active use of materials in their environment.
In order to understand why engineering thinking play might be promoted by the large,
loose parts play context used in this study, it is necessary to discuss elements of physical
and social play in the context of cognition and learning. In order to do so, readers must
understand why play with loose parts and blocks has the potential to promote early
engineering thinking.

2.5

Loose Parts and Block Play

Research has shown that creativity, imagination, problem-solving, and other
descriptors associated with engineering thinking are made possible for preschoolers and
young children through play with loose parts (Sutton, 2011). Loose parts include
common play materials such as blocks, but also materials such as sand, stones, and water
(Sutton, 2011).
Children’s physical play has been correlated with the complexity of play materials
offered on playgrounds. For instance, studies have suggested that “loose parts” play
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materials (e.g., balls, tricycles, digging and scooping toys) increase physical activity,
above and beyond fixed playground structures (e.g., swings, ladders, slides) (Hannon &
Brown, 2008). Although children are active on fixed playground structures, playgrounds
with loose materials provide preschoolers with more opportunities to move and
experiment physically than do less diverse playgrounds (Farley, Meriwether, Baker, Rice,
& Weber, 2008).
There is also an increasing viewpoint that social play and dramatic play on
playgrounds is increased when loose play materials are present. The presence of pretend
house materials, digging materials, balls, and other loose parts, allows children to roleplay much the same as they would indoors (Campbell & Frost, 1985; Sutton, 2011).
Loose play parts may also be beneficial for social interaction, as preschoolers' may find
themselves kicking, throwing and catching, and interacting as they engage in physical
activity with these materials (Hannon & Brown, 2008). Some loose parts, such as blocks,
have also been shown to be more cognitively engaging for preschoolers, because they
allow skills and behaviors to occur, such as object manipulation, problem solving, and
recognition of space, relative size, and shapes (Caldera et al., 1999; Park et al., 2008).
Block play has generally been viewed as cognitively stimulating for young
children. Research has suggested that playing with blocks is related to various positive
cognitive outcomes such as mathematical learning and spatial abilities (Caldera et al.,
1999; Park et al., 2008). In a qualitative study of two 6 and 7 year-old boys' block play,
Park and colleagues (2008) observed children categorizing geometric shapes,
transforming shapes, and making larger shapes from smaller shapes. The children were
able to block build while understanding the principles of parts and wholes. Caldera and
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colleagues’ (1999) study of 51 preschoolers demonstrated that young children are able to
accurately recreate block structures from observation. This suggests that preschoolers can
learn through observation and adjust their construction with blocks accordingly,
consistent with Piaget’s principles of learning, and social learning theory, as active and
stimulating in preschoolers' cognitive development. Overall, play with blocks has
implications for preschoolers' intellectual development as it is related to various aspects
of learning and mental capacity.
Play with blocks is also typically associated with fine motor movements, as
blocks are often smaller and are used to build with hands (Sutton, 2011). In this way,
block play has been related to children's ability to manipulate small objects and apply
creativity and imagination skills through construction (Caldera et al., 1999). Interestingly,
the larger "loose part" blocks used in the current study provide a new angle from which to
view block play, because they allow for similar manipulation and creativity, but also
require the use of gross motor play and large muscle movements. It is hypothesized that
the large, loose part blocks in the current study will promote cognitive stimulation
associated with block play, as well as physical and social tools necessary for moving
blocks and interaction with other children during construction processes. In this way, it is
thought that large, manipulable, loose parts may engage children in ways that promote
early engineering thinking play in relation to physical and social development.
In the current study, engineering thinking play was specifically explored during
preschoolers' play with large, manipulable, loose parts, resembling over-sized lightweight blocks. In addition to implications about young children's observed engineering
thinking during play with these blocks, physical and social play were also examined
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during block play, as well as engineering thinking play, physical play, and social play
within two additional play environments: the traditional playground and the dramatic
play area. Differences in play were also examined by gender.
To our knowledge, the comparisons made between young children’s engineering
thinking play, physical play, and social play, across three play environments, have never
been explored in previous research. Additionally, this study sought to make
recommendations about future research concerning gender, and possible suggestions for
shaping early childhood curriculum. For instance, results about physical and social play
during preschoolers’ engagement with the Imagination PlaygroundTM blocks, may be
helpful in understand how to use engaging play materials in preschools. Since this study
may provide ideas about future research, ideas about play materials in early education
curriculum, and also on the broader health-benefits of active, unstructured play, it fills an
important research gap.

2.6

Implications of Engineering and in Early Education

The National Association for the Education of Young Children (NAEYC) has
emphasized the importance of including science, technology, engineering, and
mathematics (STEM) in early childhood curriculum (NAEYC, 2003). Although
engineering education has been established in many high schools, engineering skills in
early childhood education are not as well established, because educators have long
thought that young children cannot understand many of the abstract ideas associated with
the engineering process (Bairaktarova et al., 2011). Recent studies have indicated that
although young children are not capable of abstract thinking, they are capable of learning
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some basic scientific and mathematical principles through use of simpler methods such as
play materials (Gelman, 2006). For this reason, engineering education might be possible
during the early education years through play. Researchers have also argued that
children's creativity and imagination are traits that are desirable in future engineers and
should be promoted in early childhood (Evangelou, 2010).
There is also a social stigma that boys are more interested in mathematics and
technology because they perform better on math and science-related tasks than do girls
(Villalobos, 2009). This thinking has been used to justify why boys are more likely to
pursue careers in the science-related fields, such as engineering. Villalobos (2009) argued
that much of the reason boys have performed better in mathematics during later education
is because girls' methods of mathematical thinking during early education are
discouraged over time. During early childhood, girls tend to think more algorithmically,
which often leads to better performance in mathematics than boys on tasks such as
addition and subtraction, in which there are right-and-wrong answers. However, boys'
typical mathematical strategies of problem-solving lend more to success in more difficult
mathematics, such as calculus, when right-and-wrong answers are less clearly defined
(Villalobos, 2009). Villalobos (2009) suggested that changes in early childhood education
are needed in order to promote girls' ability to succeed in mathematics during later
education. Some of these changes include avoiding rigid, didactic classroom teaching that
focuses too much on discrete skills and does not promote problem-solving strategies early
enough in young children's education. In consequence of current educational practices,
Villalobos claims that young girls are being socialized in ways that reinforce algorithimic
thinking, placing them at a disadvantage during later mathematical education.
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Although the current study did not assess mathematical processes or abilities, it
was important to explore boys’ and girls’ frequencies of engineering thinking play
behaviors. Based on studies of engineering thinking play and loose parts (Bairaktarova,
2011; Sutton, 2011), researchers are beginning to understand that mathematics-related
education is possible outside of typical classrooms, and that play might reveal new ideas
about how boys and girls display early engineering thinking. This study cannot be used to
make implications about gender in early mathematics education. However, engineering
thinking play in preschoolers is meant to parallel engineering thinking at higher-levels,
later in development. It also provides researchers with a tool to observe preschoolers’
frequency of engineering play behaviors, many of which include mathematical elements.
At the very least, it is important to acknowledge gender in education, in order to make
recommendations about future early engineering studies concerning gender. This would
be helpful, because future studies may help understand why boys are more likely to
choose STEM-related careers. The current study helped move these ideas forward.
In order to better understand the potential educational contribution of a new
construct like engineering thinking play, and place it within the context of current
research, it is important to review current findings about gender and environmental
differences in play. Placing engineering education within the larger context of preschool
play will help emphasize both the importance and exploratory nature of this study.

2.7

Gender Differences in Preschool Play

Although there is a continuing debate concerning the relative influences of culture
and genetics on gender differences in play, it is acknowledged that boys and girls have
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different preferences for play activities and materials (Freeman, 2007). It is also
acknowledged that social learning theory may help predict some of the gender differences
in preschool play. Gender differences in play and toy preference can emerge as early as
13-14 months of age (Jacklin, Maccoby, & Dick, 1975). By 20 months, children's play
preferences often align with adult gender-typed preferences (Fein, Johnson, Kosson,
Stork, & Wasserman, 1975). By the time children reach preschool (ages 3-to-5), gender
preferences for certain types of toys and behaviors are clear. Boys are more likely to play
with blocks, transportation toys, and things they can manipulate (Dezouza & Czerniak,
2002). They also display more physical and verbal aggression during play than do girls
(Dezouza & Czerniak, 2002). Girls are more likely to play with domestic toys and to
fantasize (Dezouza & Czerniak, 2002) and girls' aggression is more relational and is
sometimes used to alienate instead of physically harm (Crick & Grotpeter, 1995).
In addition to play preferences, preschool-aged boys’ and girls’ social interaction styles
differ on some dimensions. Boys have been shown to display more competitive, goaloriented styles of interaction, whereas girls display more nurturing and socially proximal
activities (Segal, Montie, & Iverson, 2000). Gender differences in social play reveal
important differences about social functioning in young children. For instance, girls have
been shown to be, in general, more socially competent than boys, while boys are more
likely to display problem behaviors and internalizing stressors (Blair et al., 2004). A
clearer understanding of powerfully socialized preferences in play may shed light on the
origins of important gender-related differences in social functioning as young children
develop, as well as the development of career-related choices, such as engineering.
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2.8

Gender Differences in Physical Play Across Environments

The importance of play in children’s physical development and health has been
emphasized by researchers and some government agencies, such as the Center for
Disease Control (CDC) and the National Institute of Child Health and Human
Development (NICHD) (Iannotti & Wong, 2013). Understanding boys’ and girls’
differences in physical play preference has implications for the implementation of
effective play allocation and free time in preschools. Research has shown that reduced
physical activity contributes to childhood obesity in preschoolers (Trost et al., 2003). In a
study of 76, four- and five-year old children, only 7% engaged in at least 60 minutes of
daily moderate to vigorous physical activity (Cardon & Ils De Bourdeaudhuij, 2008). 60
minutes of moderate to vigorous physical activity has been recommended for
preschoolers to reduce obesity (Strong et al., 2005). As such, it is important to explore
alternatives for physical play as children are spending more time in classroom settings
sitting in front of electronic screens, and less time on playgrounds where physical play is
encouraged. A review of preschool-aged boys’ and girls’ physical play preferences and
common physical activities, may help researchers understand how to best allocate
playground space and time in order to maximize physical activity and play-related health
benefits.
Research suggests that boys typically engage in more gross motor behaviors, such
as running, jumping, throwing, and kicking, than do girls. Jackson et al. (2003), showed
that boys (ages 3-to-4) physically accelerate more than girls and have higher mean
physical activity counts. Additionally, because boys more frequently engage in gross
motor play, compared to girls, boys tend to prefer outdoor play more than girls do, as
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outdoor environments provide more opportunities for large muscle physical play in
expansive open spaces (Blanchet-Cohen & Elliot, 2011; Tannock, 2008). As a whole,
boys display more physical behaviors and more physically rigorous behaviors than do
girls (Jackson et al., 2003). Some of these preferences in physical activity, particularly
the predominance of physical activities in boys, have been associated with more outright
aggressive natures (Crick & Grotpeter, 1995) and the need to expend energy as a release
(Schiller, 1954). Early theorists, such as Schiller (1800) argued that play’s importance
rests with energy expenditure. It is possible that the frequency of boys’ physical and
verbal aggression manifests in physical play acting as a pressure release valve. This can
be seen in boys’ frequent use of dramatic play to act out fighting and dueling outdoors
(Campbell & Frost, 1985). Girls, on the other hand, have been observed to be less
physical than boys, often manifesting their aggression relationally, instead of physically.
At ages 3-to-5, this distinction may not be as important, because relational aggression
(i.e., aggression used for the purpose of damaging relationships) is more prevalent when
girls are older and have more complex motives (Crick & Grorpeter, 1995). Nevertheless,
preschool-aged girls are less physical than boys. For this reason, play may have more
implications for girls’ social development than physical development, as girls' may rely
more on a kind of social energy expenditure than on physical energy release (Crick &
Grotpeter, 1995). Underlying the idea of energy release is the potential that physical play
is healthy for young children's cognitive development (Nicolopoulou, 2010), emphasizing
another possible reason that physical play with large, loose, parts may be beneficial for
preschoolers across multiple domains.
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2.9

Gender Differences in Preschoolers’ Social Play Across Environments

Play has also been associated with preschoolers' social and emotional well-being.
Blair and colleagues (2004) showed that children who play effectively with peers have
also been perceived as more socially competent by teachers and peers. Children who are
able to effectively manage negative social peer interactions are better able to regulate
their emotions (Denham et al., 2002). Social competence also predicts social and
academic outcomes, such as school readiness (Carlton & Winsler, 1999) and positive
attitudes toward school (Ladd, Birch, & Buhs, 1999). Therefore social play may be
similarly important to academic outcomes as is the acquisition of discrete academic skills.
Patterns of social play are considerably more dynamic across gender and
environment than physical play, because as a whole, both boys and girls engage in social
play frequently (Lindsey & Colwell, 2013). Gender differences in social play are
associated with a variety of factors including, socialization by parents and boys' and girls'
observed preferences for gender-specific toys and behaviors. Parents often attempt to
gender type their children by providing them with toys they deem appropriate for boys
and girls, and also with positive or negative reinforcement about specific toys and
behaviors (Freeman, 2007). Additionally, there is evidence that some of the differences
between boys' and girls' social play exist above and beyond socialization. However, it has
been difficult for researchers to isolate genetic links (Frost, 1992). Regardless of etiology,
boys’ and girls’ social play varies significantly.
For instance, dramatic play is different in nature for boys and girls. Girls often
prefer dramatic play in proximal and more intimate settings that allow for socializing and
nurturance (Frost, 1992). For example, girls prefer playing house and using toys to role-
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play helping and other prosocial behaviors (Freeman, 2007). Likewise, girls like using
symbolic toys, such as dolls in dramatic play (Freeman, 2007). Interestingly, boys also
use toys in dramatic play. The use of action figures and toys, such as dinosaurs,
superheroes, and play swords is common among preschool boys (Freeman, 2007).
However, although boys do engage in dramatic play indoors, it is also common to see
boys role-playing outdoors, where they can more easily use gross motor movements in
tandem (Campbell & Frost, 1985).
Overall, the gender differences and play environment literatures tell us that boys
and girls engage in a wide variety of physical and social play behaviors, and genderrelated patterns of play emerge before and during the preschool developmental period.
Although boys are more physical and girls are more social, there are some overlapping
dynamics, such as the use of dramatic play indoors and outdoors, and the use of similar
kinds of symbolic toys. Additionally, it is possible that boys' and girls' physical and social
play should be emphasized differently. Boys’ increased use of physical play, compared to
girls, suggests that maybe boys need more physical outlets than do girls. In contrast, girls’
increased social behavior, compared to boys, suggests that social play may be more
important for girls than physical play. Nevertheless, physical activity and the
development of social competency through play, is important for both boys’ and girls’
health.
It is clear that physical and social play have implications for preschoolers’ health,
as well as their ability to interact successfully with other children. It also clear that one
must consider both gender and environment when examining preschool play, as boys’
and girls’ play preference and interaction styles vary across play context. However, the
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current study’s emphasis on boys’ and girls’ physical and social play is specifically
important as a tool for comparison with engineering thinking play. Little is known about
preschool boys' and girls' differences in play across multiple contexts, especially in
relation to cognitive factors rooted in early engineering thinking play.

2.10

Conclusions and the Present Study

Previous work has highlighted that play is an important and often ignored activity
that stimulates young children’s development, physically, socially, and cognitively (Blair
et al., 2004; Cardon & Ils De Bourdeaudhuij, 2008). Preschool-aged boys and girls
engage in various kinds of physical and social play, often displaying gender-related
preferences for play materials and toys, and the potential for both positive and negative
outcomes related to frequency of play and types of social interactions (Cardon & Ils De
Bourdeaudhuij, 2008; Denham et al., 2002). Play also varies depending on context, with
more physical play occurring outdoors, and different social play dynamics happening on
the traditional playground and indoors (Campbell & Frost, 1985; Lindsey & Colwell,
2013). Previous studies have also suggested that block play and play with other loose
parts stimulate mathematics-related thinking in preschoolers, which may in some cases be
equated with basic engineering thinking (Bairaktarova et al., 2011; Caldera et al., 1999;
Sutton, 2011). Contemporary theories of intellectual development (Piaget, 1962; Piaget,
1973) and social learning (Bandura, 1962) have lent support to these studies, promoting
the idea that preschoolers have curious and active minds, and that children learn through
active play, in which they experiment, observe others, and pose questions about their
environments. However, more research is needed about preschoolers' physical and social
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play, particularly in regard to play in different types of environments with new types of
engaging play materials. Although research has been done on the value of loose parts
play, and on gender differences in play in various environments, little is known about
differences in boys' and girls' play across different play contexts, including play with
large, loose parts, and especially in relation to the new conception of play that reflects
early engineering thinking.
It is also important to consider gender when interpreting results on preschoolers’
engineering thinking play, because previous research recognizes early and later
developmental differences in boys’ and girls’ performance in mathematics (Villalobos,
2009). With more data about naturally-occurring early engineering play, it is possible that
more can be understood about engineering thinking play and its relation to mathematical
learning, especially in regard to gender.

2.11

Research Questions

Given that this study was a descriptive, exploratory investigation, and that little is
known about preschool engineering thinking play (Bagiati, 2011; Bagiati & Evangelou,
2011; Bairaktarova et al., 2011; Brophy & Evangelou, 2007), especially in relation to
physical and social play, and to play environments, three general research questions and
hypothesis were presented:

Question 1. Are there mean differences in boys' and girls' rates of physical, social, and
engineering thinking play behaviors per hour?
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Hypothesis 1. Boys will be more physically active than girls.
Hypothesis 2. Girls will engage in more social behaviors than boys.
Hypothesis 3. It is unclear whether there will be gender differences in the rate of
early engineering thinking play, given the lack of previous research
on the construct.
Question 2. Are there mean differences in preschoolers' rates of physical, social, and
engineering thinking play behaviors per hour within the three play settings:
the traditional playground, the dramatic play area, and in settings with large,
manipulable, loose parts?

Hypothesis 1. Rates of physical play will be highest in the traditional playground.
Hypothesis 2. Rates of social play will be highest in the dramatic play area.
Hypothesis 3. Rates of engineering thinking play will be highest in the
Imagination PlaygroundTM, given the designed purpose of the
blocks.

Question 3. Are there any interactions between preschoolers' gender and play
environment in their rates of physical, social, and engineering play
behaviors per hour?
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Hypothesis 1. It is possible that boys’ and girls’ engagement in various types of
play in the Imagination PlaygroundTM setting will be different,
compared to the dramatic play area and the traditional playground,
given boys’ and girls’ preferences for different types of play and
different toys, especially considering the unique design of the new
play material.
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CHAPTER 3. METHOD

This study used observational data collected by Professor Jim Elicker and his
research team in 2013, funded by the KaBOOM! organization.

3.1

Participants

Sixty eight preschool children (ages 3-to-5) from two classrooms in the Purdue
University Miller Child Development Laboratory School (MCDLS) and two classrooms
in a local Head Start Center (HS) were observed by two graduate student researchers in
three play settings: (1) the Imagination PlaygroundTM (large loose parts); (2) the
traditional outdoor playground, and (3) the dramatic play area. Parents were given a
written explanation of the study and a detailed consent form. Consent forms translated
into Spanish, Chinese, and Korean were made available upon request for families whose
primary language was not English. Among families invited to participate, 56% of
children in the MCDLS classrooms (10 girls; 20 boys) and 42% of children in the HS
classrooms (20 girls; 18 boys) returned signed consent forms from parents agreeing to
participate. Two of the original sixty eight children (1 girl, HS; 1 boy, MCDLS) were
dropped from the sample, because they were not observed for enough time for inclusion
in the study (at least 15 total minutes). Thus, the final sample size was sixty-six (66)
preschoolers. Ethnicity and age were not collected on an individual basis. However, the
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sample was racially diverse, comprised of children from Caucasian, African-American,
Asian, and Latino backgrounds. Children in the Head Start program generally came from
families whose annual income was below the U.S. Poverty Level. Children in the
MCDLS primarily had parents who were university faculty, staff, or students. All
children in the sample were taken from preschool classrooms where ages ranged from 3to-5 years-old.

3.2 Observation Settings

3.2.1

Imagination PlaygroundTM

The Imagination PlaygroundTM setting included both indoor and outdoor play
activities involving large, light-weight, moveable objects and attachable pieces. Promoted
by KaBOOM!, a national non-profit that creates new play opportunities for children,
these moveable objects were designed to create a child-centered environment through
three core elements: (1) Loose Parts – where children can create something, tear it down,
and appreciate shapes and textures. (2) Manipulable Environment – that allows for many
types of activities where children can influence the space around them. (3) Play
Associates – an open setting where trained adults can provide a secure environment and
renew and vary the supply of Loose Parts. Together, these elements attempted to promote
strong skills in creativity, communication, and collaboration, as well as provide children
with a safe environment in which to physically challenge themselves. This type of
enhanced play was meant to facilitate both cognitive and social development, and for the
purposes of the current study, early engineering thinking play (KaBOOM!, 2014). The
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Imagination PlaygroundTM blocks varied by shape and size: large rectangular blocks,
smaller square blocks, blocks with holes in which tubes could be inserted, wheel-shaped
pieces, and other cylindrical pieces. The indoor settings were open play areas of a
preschool classroom. The outdoor settings were traditional open playground areas.
Within the Imagination PlaygroundTM setting, children were asked to play with only the
blocks and not to use other toys or playground structures.

3.2.2

Traditional Playground

The traditional playground setting was outdoors and included fixed structures,
such as slides, ladders, swings, playhouses, and sandboxes. Some moveable play
materials were also available including playhouse toys, buckets, bicycles, scooters, and
wagons. Children were allowed to roam the traditional playground freely, and researchers
observed each child’s play, regardless of which material or structure the child chose to
use. In the current study, it was possible that because loose parts were available to
children on the traditional playground, that object manipulation physical play, as well as
gross and fine motor skills, were more prevalent in the traditional playground. However,
traditional playgrounds usually include some of these materials, so the presence of loose
parts was not seen as unusual.

3.2.3

Dramatic Play

The dramatic play area was indoors in each classroom and included an assortment
of toys, action-figures and dolls, cooking and household toys, and writing and drawing
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materials. Prominent themes included a kitchen area, some small furniture, a table, and an
assortment of smaller toys children could use. On the table there was often paper,
markers, crayons, other art-related utensils. The dramatic play areas were separate areas
in the larger preschool classroom that usually had cubbies or smaller walls around them
to create different sections within the room. In the MCDLS, weekly themes were chosen
for the play materials available for children in the dramatic play area, so some of the
objects for pretending changed weekly. Themes could include dinosaurs, house,
superheroes, or farm animals, among others. In the HS, themes did not change on a
weekly basis. However, some HS classrooms added new play materials a few times
during the entire data collection period.

3.3

Observation Procedure

Two graduate student research assistants visited each preschool classroom on a
regular weekly schedule, in order to observe all participating children engaged in free
play in the three play settings. The observers did not collect data together and were on
difference schedules. During each observation session, the observer focused on one child
at a time in one play setting and documented all of the social, physical, and engineering
play behaviors the child displayed. The teachers and students in the classrooms were
familiar with the data collectors, and data collectors were allowed to sit quietly in a
corner or non-intrusive location. Each child was observed in each of the three play
settings, one setting at a time. However it was not always possible for the data collectors
to observe a child in all three play settings during the same visit to the preschool. In some
cases, more than one visit was required to observe one child’s play in each of the three
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play settings. Observation intervals were 20 seconds: the observer watched the child
carefully for 20 seconds, then used 20 seconds to note all behavior categories that
occurred during that interval on a checklist. The checklist included 21 social behaviors,
30 physical behaviors, and 9 early engineering thinking play behaviors derived from
valid and reliable coding schemes (See Appendix for the complete observation
instrument). Each behavior was coded during each interval as 1 = present, or 0 = absent
(i.e. if a behavior was observed at least one time in a given interval, it was given a check
mark. If it was not observed at all, it was left blank). It was possible, for instance, that a
child could kick 10 times during one 20 second interval, and for that interval, kicking
would receive one check mark. The observers watched a child for as many intervals as
possible during one observation session, until the child stopped playing in the target play
area. In other words, the observer watched a single child for as long as the child engaged
in play in one play setting before leaving that setting. For example, in some cases, an
unengaged child decided to leave the dramatic play area, in which case that child was
observed in that setting either later in the day, or during a separate visit, in order to obtain
the minimum number of intervals for inclusion in the study. If a child stopped playing in
one of the play settings, the researchers often began coding a different child, gathering as
many intervals on the different child as possible during that observation visit. Some of
the data on certain children were collected over the course of several visits in order to
observe those children for the target number of minutes. The target number of minutes
for inclusion in the sample was 15 minutes (i.e., 45 intervals). However, it was not
required that a child had to play in each play setting for an equal number of intervals. The
total observation time was spread over 3 ½ months, ranging from 15-to-41 minutes (M =
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24) of observation for each child (See Table 1. for descriptive statistics on the number of
minutes observed by gender, school, and play setting). Since the number of minutes each
child was observed in each play setting varied, each child's of rate of play was calculated
(the number of times each behavior was observed per hour), rather than total frequency of
behaviors. The presence of each of the 60 behaviors in each interval was summed to
produce a total number of behaviors score for each child. Sums were then converted to
mean rates per hour for each child, depending on the total number of minutes the child
was observed. Means rates per hour were calculated for each of the 60 play behaviors.

3.4

Observation Measures and Reliability

Structured observation measures were used to provide comprehensive
descriptions of children's play behaviors in three domains: social play, physical play, and
early engineering thinking play. Observation measures were either derived from
instruments successfully used in previous studies or adapted from widely researched
topics that have not been previously used in measures. Two observers were trained on
each of three observation measures using both filmed and live practice observations and
demonstrated a high degree of reliability on each observation instrument before data were
collected. Reliability for each of the three variable groups was established separately,
prior to the data collection period. The two observers achieved agreement with Cohen's
Kappa values of at least .70 (range = .71-1.00) on each of the physical, social, and
engineering variable groups. In order for the observers to be considered reliable they had
to achieve a minimum Cohen’s Kappa of .70 on each of the variable groups for 10
intervals, 5 consecutive times in each observation setting. For instance, the two observers
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were said to be reliable in coding physical behaviors on the traditional playground, when
they achieved a .70 Kappa over 10 intervals of coding. However, they needed to reach
a .70 Kappa for 10 intervals 5 times in-a-row, before they were said to have achieved
reliability. This process was done for physical behaviors, social behaviors, and
engineering play behaviors in each of the three settings until reliability was established
for all groups in all settings. In total, the reliability check assessed 297 intervals.
Reliability for these measures was achieved in the following order: physical play, social
play and early engineering thinking play. Reliability checks were not done during the
actual data collection period. However, the two researchers achieved reliability over the
course of 2 ½ months, and the total data collection period was 3 ½ months, immediately
after reliability was reached.

3.5

Social Play

Categories for social play were derived from Denham and colleagues’ observation
instrument for measuring preschoolers’ social-emotional behaviors (Denham, Bassett,
Thayer, Mincic, Sirotkin, & Zinsser, 2012). Denham and colleagues’ observation
instrument was adapted and shortened from the Minnesota Preschool Affect Checklist
(MPAC) (Sroufe, Schork, Motti, Lawroski, & LaFreniere, 1984). Concurrent validity for
this measure was established with versions of the MPAC in two studies (Denham, ZahnWaxler, Cummings, & Iannotti, 1991; Sroufe et al., 1984). Denham and Burton (1996)
established inter-rater reliability for the MPAC-R (revised) measure with intraclass
correlations > .84, ps < .001 (Denham & Burton, 1996).
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Two main social play categories were included in the current study: 11 categories
of positive, competent play with other children (for example: takes turns, cooperates, and
shares) and 10 types of negative, less competent play (for example: hits, shoves, knocks
over, throws objects, or displays interpersonal aggression; Denham et al., 2012). For each
child, summary scores for each social behavior were calculated indicating the average
number of behaviors that occurred per hour.

3.6

Physical Play

Categories for physical play were adapted from Gallahue and Ozmun’s
descriptions of motor activities in young children (Gallahue and Ozmun, 2006). Physical
behaviors were divided into two categories: gross motor movement (27 behaviors, e.g.,
running, jumping, walking, and kicking) and fine motor movement (3 behaviors, e.g.,
manipulates small object, drawing/painting, writing). Summary scores for each of the 30
physical behaviors for each child were calculated, indicating the average number of
behaviors per hour.

3.7

Early Engineering Thinking Play

Play behaviors consistent with children’s engineering thinking design processes
were observed using a nine-category system developed by Bairaktarova and colleagues
(Bairaktarova et al., 2011). Categories included: communicates goals (Child says, “Let’s
build a caste, OK?”), generating design and construction ideas (Child says, “I think we
should put the big block on top.”), problem solving/replication (Child says, “I think the
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little block is better than the big block for that.”), expresses creative/innovation ideas
(Child says, “I think we should build the castle upside-down. That would be cool!”),
solution testing/evaluation design (Child climbs stairs he/she has just built to see if they
actually work like stairs), explanation of how things are built/work (Child says, “Look, I
have just made a castle by putting the smaller blocks on top of the bigger ones”),
following patterns and prototypes (Child says, “My dad showed me how to make a castle
at home. Let’s build one using these blocks. I already know how.”), logical mathematical
thinking (Child says, there are three castles on our playground. Look how many there
are!”), and use of technical vocabulary (Child describes his/her castle as having many
sections or stacked parts). Inter-observer agreement for this measure was established by
four researchers who coded 33% of video tapes used in their study with 95% agreement.
Since engineering design processes in play had not been studied until the creation of this
instrument, face validity was used to match constructs with observed play behaviors.
Summary scores for each engineering behavior category for each child were calculated,
indicating the average number per hour.
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CHAPTER 4. ANALYTIC PLAN

First, data reduction was necessary in order to avoid type I error, as 60 total play
behaviors were observed. Including this many dependent variables in the analytic model
would have been problematic because it is likely some statistical significance would be
found by chance at the .05 level. Typically, an exploratory factor analysis would be used
to reduce this data in order to create meaningful groups (factors) of related play behaviors
and eliminate behaviors that are unimportant (Thompson, 2004). However, the current
study did not meet the recommended minimum number of cases (e.g., 100-200) in order
to use exploratory factor analysis, as 66 children were included in the analytic model.
As such, data reduction consisted of a more conceptual form. Previous research
on play shows that certain types of play behaviors often occur together such as gross
motor behaviors (e.g., kicking, running, jumping, throwing, catching) and positive social
behaviors (e.g., sharing, cooperation) (Blanchet-Cohen & Elliot, 2011; Campbell & Frost,
1985). It is also likely that children engage in certain types of play behaviors inversely
with other types of play behaviors (e.g., positive social play vs. negative social play) and
so these behaviors should be separated from one another. For these reasons, conceptual
groups of observation categories were created as a heuristic strategy in order to describe
the frequencies of several broad types of play behaviors, in a summative matter. This was
done to avoid using multiple statistical tests of group mean differences. A combination of
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descriptive statistics and conceptual knowledge derived from previous authors’ research,
was used in order to form groups comprised of behaviors that were most correlated with
one another. This method of data reduction was viewed as satisfactory, since this is an
exploratory analysis, to discover basic broad patterns, which can be explored in more
detail in future studies.
This process led to the creation of 7 conceptual groups of play behaviors that were
used as the dependent variables in each analytic model: (1) Engineering Thinking Play (9
of 9 variables were included). (2) Positive Social Play (9 of 11 variables were included).
Plays with a child of special needs was removed (M = 0). Engages in independent
activity was used as a separate dependent variable because it had the highest rate per hour
of any play behavior, and it was conceptually different than the other social play
behaviors. (3) Negative Social Play (10 of 10 variables were included). (4) Engages in
Independent activity. (5) Fine Motor Play (3 of 3 variables were included). (6) Gross
Motor Locomotor/Stability Play, conceptualized as gross motor physical play that
included whole body movement not associated with manipulating an object. This group
was created by combining the Locomotor and Stability categories on the observation
instrument (12 of 12 variables were included). (7) Gross Motor Object Manipulation Play,
conceptualized as gross motor physical play that involved manipulating or playing with
an object (14 of 15 variables were included). Excluded from this group was Riding a bike
or scooter due to a data collection error limited to this one variable.
Each conceptual group’s play behaviors consist of mean rates per hour of each
play behavior. In order to quantify each group as a meaningful set of related variables,
play behaviors’ mean rates per hour were summed to produce a total mean rate of play
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per hour score. These sums were used during analyses. Intercorrelations of the groups
were tested for mutual exclusivity.
After data reduction, 7 statistical models were tested using 2 (gender: boy vs. girl)
X 3 (play setting: traditional playground vs. dramatic play area vs. Imagination
PlaygroundTM) repeated measures analyses of variance (ANOVA). The child’s gender
served as the between subjects-factor, while play setting served as the within-subjects
factor for each of the seven statistical models. Each of the seven conceptual groups,
developed during data reduction, was used as a dependent variable in one repeated
measures ANOVA. Main effects of gender and play setting, and interactions between
gender and play setting, were found to be significant if p-values were less than .05.
In order to parse out significant mean differences in the 3-level within-subjects
play setting variable, a post hoc test was required for each repeated measures ANOVA. A
Bonferroni correction was used as the most conservative method to control for familywise error-rate, providing SPSS outputs for pair-wise comparisons for the play setting
variable. Since post hoc tests are not used to interpret significant interactions in repeated
measures ANOVA, confidence intervals were used to interpret any significant
interactions. If confidence intervals in an interaction do not overlap for boys and girls
within one play setting, then that portion of the interaction is significant. If confidence
intervals for boys and girls within one play setting overlap, then that portion of the
interaction is not significant (Loftus & Masson, 1994). For each of the seven statistical
models repeated measures ANOVAs, three research questions were asked, along with
some general hypotheses.
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Question 1. Are there mean differences in boys' and girls' rates of physical, social, and
engineering thinking play behaviors per hour?

Hypothesis 1. Boys will be more physically active than girls.
Hypothesis 2. Girls will engage in more social behaviors than boys.
Hypothesis 3. It is unclear whether there will be gender differences in the rate of
early engineering thinking play, given the lack of previous
research on the construct.

Question 2. Are there mean differences in preschoolers' rates of physical, social, and
engineering thinking play behaviors per hour within the three play settings:
the traditional playground, the dramatic play area, and in settings with
large, manipulable, loose parts?

Hypothesis 1. Rates of physical play will be highest in the traditional playground.
Hypothesis 2. Rates of social play will be highest in the dramatic play area.
Hypothesis 3. Rates of engineering thinking play will be highest in the
Imagination PlaygroundTM, given the designed purpose of the
blocks.

Question 3. Are there any interactions between preschoolers' gender and play
environment in their rates of physical, social, and engineering play
behaviors per hour?
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Hypothesis 1. It is possible that boys’ and girls’ engagement in various types of
play in the Imagination PlaygroundTM setting will be different,
compared to the dramatic play area and the traditional playground,
given boys’ and girls’ preferences for different types of play and
different toys, especially considering the unique design of the new
play material.
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CHAPTER 5. RESULTS

5.1

Conceptual Group Intercorrelations

There were several conceptual groups that were significantly correlated.
Engineering thinking play behaviors were significantly positively correlated with
engagement in independent activity, r = .25, p < .05. Engineering thinking play behaviors
were significantly positively correlated with fine motor physical behaviors, r = .41, p <
.01. Positive social play behaviors were significantly negatively correlated with
engagement in independent activity, r = -.45, p < .01. Negative social play behaviors
were significantly negatively correlated with gross motor object manipulation play, r = .25, p < .05. Engagement in independent activity was significantly positively correlated
with fine motor physical behaviors, r = .29, p < .05. Gross motor locomotor/stability play
were significantly positively correlated with gross motor object manipulation play, r =
.48, p = .01 (See Table 2.).

5.2

RM ANOVA 1. Engineering Thinking Play

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was .99, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed a significant
main effect of play setting, in which engineering thinking play occurred most in the
Imagination PlaygroundTM (IP), second most in the dramatic play area (DP), and least in
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the traditional playground (TP), F(2, 128) = 44.52, p < .001, ηp2= .410; IP, M = 70.98, SD
= 38.65; DP, M = 49.86, SD = 36.77; TP, M = 16.46, SD = 29.37. Post hoc tests revealed
that each play setting was significantly different from each other play setting; IP vs. DP,
p < .01; IP vs. TP, p < .001; DP vs. TP, p < .001. The main effect of gender was not
significant. The play setting X gender interaction was not significant (see Figure 1.).
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Figure 1. Average Mean Rates per Hour of Engineering Play Behavior by Gender and
Play Environment.

5.3

RM ANOVA 2. Positive Social Play

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was .98, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed a marginal main
effect of play setting, in which positive social play occurred most in the TP, second most
in the DP, and fewest in the IP, F(2, 128) = 2.60, p < .10, ηp2= .091; IP, M = 69.27, SD =
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41.64; DP, M = 74.31, SD = 49.72; TP, M = 85.72, SD = 54.27. Post hoc tests revealed
that the only significant play setting difference was between the IP and the DP, p < .05.
There was also a marginal main effect of gender, in which girls engaged in more positive
social behaviors than did boys, F(1, 64) = 3.59, p < .10, ηp2= .053; boys, M = 69.76, SD =
47.69; girls, M = 84.95, SD = 48.80. The play setting X gender interaction was not
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significant (see Figure 2.).
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Figure 2. Average Mean Rates per Hour of Positive Social Play Behavior by Gender and
Play Environment.

5.4

RM ANOVA 3. Negative Social Play

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was .94, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed no significant
main effects or interactions for negative social play.
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5.5

RM ANOVA 4. Engages in Independent Activity

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was .91, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed a significant
main effect of play setting, in which children engaged in the highest frequency of
independent play in the IP, second most in the DP, and fewest in the TP, F(2, 128) = 5.41,
p < .01, ηp2 = .078; IP, M = 93.56, SD = 42.61; DP, M = 92.97, SD = 48.00; TP, M =
73.08, SD = 43.63. Post hoc tests revealed that significant play setting differences
between the TP and each of the other two settings. However, the IP and DP means did
not significantly differ, IP vs. TP, p < .001; DP vs. TP, p < .05. The main effect of gender
was not significant. The play setting X gender interaction was not significant (see Figure
3.).
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Figure 3. Average Mean Rates per Hour of Engagement in Independent Activity by
Gender and Play Environment.
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5.6

RM ANOVA 5. Fine Motor Play

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was 1.00, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed a significant
main effect of play setting, in which children engaged in the highest frequency of fine
motor play in the DP, second most in the IP, and fewest in the TP, F(2, 128) = 166.45, p
< .001, ηp2 = .722; IP, M = 49.95, SD = 34.68; DP, M = 130.61, SD = 31.79; TP, M =
33.84, SD = 32.27. Post hoc tests revealed that each play setting was significantly
different from each other play setting; IP vs. DP, p < .001; IP vs. TP, p < .05; DP vs. TP,
p < .001. The main effect of gender was not significant. The play setting X gender
interaction was not significant (see Figure 4.).
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Figure 4. Average Mean Rates per Hour of Fine Motor Play by Gender and Play
Environment.
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5.7

RM ANOVA 6. Gross Motor Locomotor and Stability Play

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was .99, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed a significant
main effect of play setting, in which children engaged in the highest frequency of gross
motor locomotor and stability play in the TP, second most in the IP, and fewest in the DP,
F(2, 128) = 59.93, p < .001, ηp2 = .484; IP, M = 235.61, SD = 94.51; DP, M = 96.76, SD
= 57.95; TP, M = 237.46, SD = 105.43. Post hoc tests revealed that the IP setting and the
TP setting were both significantly different from the DP setting. However, the IP and the
TP were not significantly different; IP vs. DP, p < .001; DP vs. TP, p < .001. The main
effect of gender was not significant. The play setting X gender interaction was not
significant (see Figure 5.).
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Figure 5. Average Mean Rates per Hour of Gross Motor Locomotor and Stability Play
by Gender and Play Environment.
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5.8

RM ANOVA 7. Gross Motor Object Manipulation Play

For this analysis, the Huynh-Feldt-Lecoutre Epsilon was 1.00, meeting the critical
value to ensure the assumption of sphericity was met. Analyses revealed a significant
main effect of play setting, in which children engaged in the highest frequency of gross
motor object manipulation play in the IP, second most in the DP, and fewest in the TP,
F(2, 128) = 49.01, p < .001, ηp2 = .434; IP, M = 148.12, SD = 71.01; DP, M = 89.15, SD
= 48.94; TP, M = 56.06, SD = 49.38. Post hoc tests revealed that each play setting was
significantly different from each other play setting; IP vs. DP, p < .001; IP vs. TP, p
< .001; DP vs. TP, p < .001. The was also a main effect of gender, in which boys engaged
in more gross motor object manipulation play than did girls, F(1, 64) = 26.12, p < .001,
ηp2 = .290; boys, M = 115.52, SD = 57.19; girls, M = 75.16, SD = 46.08. Finally, there
was a significant play setting X gender interaction, in which boys engaged in more gross
motor object manipulation play than did girls, within the IP setting. However, there was
no gender difference in gross motor object manipulation play in the DP or the TP settings,
F(2, 128) = 3.39, p < .05, ηp2 = .050; IP-boys, M = 177.85, SD = 69.74; IP-girls, M =
110.20, SD = 52.87; DP-boys, M = 99.50, SD = 48.03; DP-girls, M = 75.94, SD = 47.66;
TP-boys, M = 60.20, SD = 53.81; TP-girls, M = 39.35, SD = 37.70 (see Figure 6.).

Average Rates of Play per Hour

50
200
180
160
140
120
100
80
60
40
20
0

Boys
Girls

Imagination
Playground

Dramatic Play Area

Traditional
Playground

Play Setting

Figure 6. Average Mean Rates per Hour of Gross Motor Object Manipulation Play by
Gender and Play Environment.
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CHAPTER 6. DISCUSSION

Results in the current study support many of the previous findings about
differences in preschool boys' and girls' physical and social play, and also lend support to
the notion of free play as undervalued during early childhood exploration, interaction,
and learning. Implications can be made about the importance of play as a physical outlet
and a means for positive peer social interaction. There were several intriguing play
setting effects, some gender effects, and one interesting play setting X gender interaction.
However, the most unique core finding of this study pertains to engineering thinking play,
particularly during children's play with the Imagination PlaygroundTM blocks,
considering both boys' and girls' prevalent display of engineering thinking play.

6.1

Conceptual Group Intercorrelations

Based on the co-occurrence of many of the play behaviors in this study, it was
expected that several of the conceptual groups would be significantly correlated. It made
sense that engineering thinking play would be positively correlated with engagement in
independent activity due to the amount of time children spent engaging in solitary play
during play with the Imagination PlaygroundTM blocks. The same can be said about the
positive correlation between engineering thinking play and fine motor play, because fine
motor play occurred frequently during play with the Imagination PlaygroundTM blocks,
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which also elicited the highest rate per hour of engineering thinking play. Positive social
play was negatively correlated with engagement in independent activities. This made
sense, given that positive social play depends on cooperative play with other children.
Gross motor object manipulation play was negatively correlated with negative social play.
Although there were no significant effects for negative social play, it is possible that
gross motor object manipulation play had a less negative affect during play with other
children. Engagement in independent activity was positively correlated with fine motor
play. This was expected, as fine motor play occurred most often in the dramatic play area,
and many of the writing and drawing activities in this play setting may have occurred
alone. Finally, gross motor locomotor/stability play and gross motor object manipulation
were positively correlated. This was also expected, given that these two groups were both
comprised of gross motor physical play.

6.2

Engineering Thinking Play Effects

The most interesting finding of this study was that no significant difference was
found between boys' and girls' use of engineering thinking play behaviors. Although the
mean difference was non-significant, girls' mean for engineering thinking play was
actually slightly higher than boys' mean (girls, M = 47.34; boys, M = 44.54). Due to the
exploratory nature of the study, it is not possible to draw overly bold conclusions from
this finding. The study did not examine processes or mechanisms, but rather was meant to
describe preschoolers’ overall use of engineering thinking play behaviors. Nevertheless,
this finding suggests that future research is necessary in order to explore gender in early
childhood education, especially in regard to early engineering thinking and the possibility
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that it includes some mathematical-related concepts. In this regard, Villalobos' (2009)
argument that during early childhood, girls may be as capable of demonstrating similar
problem-solving abilities as boys, is important to consider in early engineering thinking
research, because problem-solving is a part of engineering thinking and could be related
to some basic mathematics skills.
Additionally, this finding indicates that encouraging play with the Imagination
PlaygroundTM blocks, and potentially other cognitively stimulating play materials, is
useful in eliciting engineering play behaviors in both boys and girls. In this regard,
questions should be asked in future research about girls' ability to generate ideas,
construct, and problem-solve, and evaluate. This finding supports more research
exploring early childhood education through play, and the possibility that early education
may impact girls’ decisions about STEM education and careers later in life.
Regardless of gender, engineering thinking play was significantly different by
play setting. Play with the Imagination PlaygroundTM blocks elicited more engineering
thinking play behaviors than the dramatic play area and the traditional playground
settings. The effect size for this result was rather large. Results indicated that play setting
accounted for 41% of variance associated with engineering thinking play, controlling for
gender. This suggested that the Imagination PlaygroundTM blocks were successful tools
for eliciting preschoolers' engineering thinking play. This finding provided credence to
the idea that free play with engaging manipulable materials can be used as an educational
tool, providing opportunities for different kinds of thinking than might appear during
other types of play or classroom instruction. However, additional research is needed
exploring the processes behind engineering thinking, above and beyond the presence or
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absence of engineering thinking play behaviors. Particularly, it is important to explore to
possible connection of engineering thinking with mathematical abilities, as well as the
mechanisms that drive engineering thinking, and the language children are using during
engineering thinking play. Additionally, it would be beneficial to examine the frequency
of different types of early engineering play behaviors, as opposed to the current
composite variable, comprised of 9 behaviors. This may allow researchers to examine
possible differences in the types of engineering thinking play behaviors in which boys
and girls are engaging.

6.3

Social Play

This study found one significant main effect and two marginally significant main
effects in preschoolers' use of social play behaviors. Although two of the effects were
marginal, it is important to consider the exploratory nature of the study and evaluate these
effects as potentially important, requiring further investigation. There was a marginal
gender effect of positive social play, in which girls engaged in more positive social play
than did boys. Gender accounted for 6.3% of variance in positive social play, controlling
for play setting, which is a medium effect size. This result is not surprising, given
previous findings about girls' frequency of social play, nurturing interaction styles, and
social competencies compared to boys (Blair et al., 2004).
There was also a marginally-significant play setting effect of positive social play,
in which the traditional playground was shown to elicit significantly more positive social
play behaviors than the Imagination PlaygroundTM. The effect size for this result was
moderate. 7.8% of variance in positive social play was accounted for by play setting,
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controlling for gender. This effect is surprising from one perspective, as one might expect
that the Imagination PlaygroundTM blocks would promote the kinds of positive social
behaviors associated with cooperation, taking turns, sharing, and other behaviors that
contribute to teamwork as children are engaging in engineering play behaviors. However,
children did engage in frequent positive social play behaviors in both the traditional
playground and the Imagination PlaygroundTM settings (Imagination PlaygroundTM, M =
69.27; traditional playground, M = 85.72). The distinction in this finding was that more
positive social play behaviors occurred in the traditional playground.
One possible explanation for this finding was that there was also a significant
main effect for play setting in children’s engagement in independent play activity.
Children in both the Imagination PlaygroundTM setting and the dramatic play area spent a
significant amount of time engaging in independent activity, compared with the
traditional playground setting. The effect size for this result was medium. 7.8% of the
variance in engagement in independent activity was accounted for by play setting,
controlling for gender. This result qualified the play setting effect for positive social play,
because it suggested that children were not necessarily less positive in the Imagination
PlaygroundTM setting compared to the traditional playground. They simply spent more
time engaging in solitary play with the Imagination PlaygroundTM blocks compared to
play in the traditional playground. This made sense, given the observers’ anecdotal
observations of children frequently constructing with the Imagination PlaygroundTM
blocks alone. However, the higher degree of solitary play in the Imagination
PlaygroundTM setting did not necessarily suggest that play with the blocks was any less
cognitively stimulating. Engineering thinking play overall, was significantly more
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common in the Imagination PlaygroundTM setting than in any other setting. Instead, it
was possible that many of the cognitive benefits of engagement in play with these
materials simply happened during solitary play.
Finally, there were no significant effects for gender or play setting when
exploring negative social play. Unlike previous research (Blair et al., 2004), the current
study did not find boys to be more socially negative than girls. Negative social behavior
occurred with low frequency in all three of the play settings observed, likely accounting
for the absence of any gender effects.
The social play results confirmed some of the previous findings about the
prevalence of positive social play in girls. Yet, these findings also helped elucidate the
kinds of play naturally elicited by the Imagination PlaygroundTM blocks. Positive social
play did occur frequently during play with the blocks. However, our findings showed that
much of the time children spent with these engaging materials was solitary. Despite the
amount of solitary play that occurred with the Imagination PlaygroundTM blocks, children
were still engaging in high levels of engineering thinking play during those times. This
suggested that the cognitive benefits of engaging play materials were not necessarily
dependent on interactions with other children. Furthermore, it suggested that
encouragement of positive social play may be required of teachers more in some play
settings than in others. This study did not observe the types and amounts of teacher
intervention in children’s play. However, teachers were generally encouraged to take a
hands-off approach, allowing children to play freely, intervening only when it was
apparent that children needed guidance.
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6.4

Physical Play

In this study, results for physical play behaviors were interesting because they
drew attention to the interaction between gender and play setting in ways previous
research did not. There were three significant play setting main effects, one significant
main effect of gender, one important non-significant main effect of gender, and a
qualifying interaction between play setting and gender.
First, there was a significant main effect of play setting, in which children
engaged in more gross motor locomotor and stability play in the Imagination
PlaygroundTM and traditional playground settings than in the dramatic play area. Play
setting accounted for 48% of the variance in gross motor locomotor and stability play,
controlling for gender. Specifically, this effect was important because the difference in
gross motor locomotor and stability play was between the Imagination PlaygroundTM
setting and the dramatic play area, and the traditional playground and the dramatic play
area. There was no significant difference between gross motor locomotor and stability
play in the Imagination PlaygroundTM setting and the traditional playground setting. This
was important because it suggested that play with large, manipulable, loose parts elicited
the same frequencies in occurrence of large muscle motor-type play as did play in the
traditional playground, where children were often given expansive open spaces to run and
move. It is important to note that this type of play was conceptualized as play that did not
involve manipulating objects. Therefore, none of these play behaviors observed in the
Imagination PlaygroundTM setting involved manipulating or moving the play materials.
They only involved climbing, crawling, or other non-manipulative methods of using the
blocks. This means that when children were engaged in play in the Imagination
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PlaygroundTM setting, they engaged in just as much running, walking, jumping, leaping,
and other such body movement behaviors as they did in the traditional playground setting.
Additionally, there was no significant gender effect in gross motor locomotor and
stability play across play settings. This contrasts with previous findings about boys
engaging in more gross motor behaviors than do girls (Jackson et al., 2003). However,
there was a significant main effect of gender for gross motor object manipulation play, in
which boys engaged in more gross motor object manipulation than did girls. Gender
accounted for 29% of the variance in gross motor object manipulation play, controlling
for play setting. There was also a significant main effect of play setting for gross motor
object manipulation play, in which children engaged in more gross motor object
manipulation in the Imagination PlaygroundTM setting, followed by the dramatic play
area, and finally the traditional playground. Play setting accounted for 43% of the
variance in gross motor object manipulation play, controlling for gender.
Given the Imagination PlaygroundTM blocks' intended purpose of eliciting
constructive, physically-active play, in addition to the cognitive benefits, it is not
surprising that children manipulated more objects during play in this setting than either
the dramatic play area or the traditional playground. These main effects were qualified,
however, by a significant play setting X gender interaction, in which gender differences
in gross motor object manipulation play were only significant during play in the
Imagination PlaygroundTM setting. This means that boys and girls engaged in similar
gross motor object manipulation in the dramatic play area and the traditional playground.
However, the presence of large, manipulable, loose parts, contributed to boys' more
frequent gross motor object manipulation behaviors, compared to girls.
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It is possible that this gender effect was only present in the Imagination
PlaygroundTM setting, because the blocks elicited different types of physical behaviors in
boys and girls. It is possible that both boys and girls climbed, jumped, slid, or crawled on
or from the blocks fairly frequently. However, boys' engagement with the blocks may
have involved more carrying, stacking, throwing, swinging, or other object-related gross
motor movements, that are often associated with boys more than girls. However, further
exploration of boys’ and girls’ frequency of individual play behaviors would be necessary
to support this possibility. It is also possible that this finding can be attributed to the size
of the blocks. Although the blocks are light-weight and fairly easy for any preschooler to
maneuver, it is possible that boys felt more comfortable lifting the blocks and
manipulating them than did girls.
Finally, there was a significant main effect of play setting, in which children
engaged in the most fine motor play behaviors in the dramatic play area, seconded by the
Imagination PlaygroundTM setting, followed by the traditional playground. It was
expected that fine motor play behaviors would occur most frequently in the dramatic play
area, because this was the only setting in which children were given the opportunity to
write, paint, or draw. However, this effect was also interesting because it showed that
more fine motor play occurred in the Imagination PlaygroundTM setting than in the
traditional playground. In other words, it is important to note that play with large,
manipulable, loose parts, was not limited to gross motor play behaviors. Children
engaged in an average rate of about 50 fine motor play behaviors per hour during play
with the Imagination PlaygroundTM materials, as compared to about 130 per hour in the
dramatic play area, and about 35 per hour in the traditional playground.
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6.5

Conclusions

The results of this study suggested that some overall differences exist in boys' and
girls' physical and social play, as observed in three preschool play settings. In line with
previous research, girls engaged in more positive social play than did boys. Boys engaged
in more gross motor object manipulation play than did girls. In contrast, we found no
evidence of gender differences in gross motor locomotor and stability play or in fine
motor play across these settings, which challenges some previous conclusions about
gender-related play differences (Jackson et al., 2003). There were also some interesting
play setting effects. There was no difference in gross motor locomotor/stability play
between the Imagination PlaygroundTM and the traditional playground, a somewhat
surprising finding, since the traditional playground was specifically designed to
encourage this type of play, whereas the Imagination PlaygroundTM was designed to
encourage a wide variety of play behaviors in addition to gross motor play. Additionally,
solitary play was observed most often in the Imagination PlaygroundTM setting,
suggesting that at least in the early stages of play with these large, loose parts, children
often choose to play alone with them. On average, children engaged in independent
activity about 95 times per hour, compared to about 70 instances of positive social play,
in the Imagination PlaygroundTM setting. Both kinds of gross motor play behaviors and
fine motor play behaviors occurred frequently in the Imagination PlaygroundTM setting.
Moreover, some positive social play was also observed in the Imagination PlaygroundTM
setting.
Most importantly, children engaged in the most engineering thinking play within
the Imagination PlaygroundTM setting, and no gender difference was observed in the
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overall frequency of boys' and girls' engineering thinking play. This result supports the
need for further research on gender in early education, specifically related to early
engineering thinking and the possible relation of loose parts play to children’s
understanding of basic mathematical principles. Additionally, results specifically
supported the use of engaging play materials and loose parts play as elicitors of physical,
social, and engineering thinking play. The use of these blocks for multiple health- and
academic-related purposes provides possibilities for teaching strategies or play
facilitation that recognizes the use of several kinds of play behaviors in a single activity.
For example, teachers may encourage girls to be more social while constructing with the
Imagination PlaygroundTM blocks. They may also encourage boys to be more physical
during play with the blocks.
Finally, an important aspect of play with the Imagination PlaygroundTM blocks
that should be considered, are the social aspects and academic affordances of
participating in play with engaging play materials. The current study showed that
children spend much time playing with the Imagination PlaygroundTM blocks alone.
However, there was frequent use of positive social behaviors, as well. The social benefits
of play with loose parts, not simply limited to the Imagination PlaygroundTM blocks (e.g.,
cardboard boxes, buckets, water toys), could provide teachers with opportunities to
encourage group interaction and participation in structured loose parts play activities,
with educational goals, in addition to child-initiated free play.
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6.6

Limitations and Implications for Future Research

The current study examined a new construct in early engineering thinking play. It
was designed as an exploratory study used to describe the general play behaviors elicited
in boys and girls through play with a new and engaging material in multiple play settings.
Although engineering thinking behaviors have been observed and categorized in
preschoolers' play (Bairaktarova et al., 2011), the construct still requires some
development. Although Bairaktarova and colleagues' (2011) measure of early
engineering thinking play has been validated, the actual definition of the construct may
need further focus. In addition, it is possible some of the titles of individual engineering
thinking play behaviors need to revision. The current study made an attempt to focus this
construct by relating it specifically to observable free play behaviors that engage the
engineering design process and construction. Nevertheless, describing preschoolers’
displays of numerical knowledge and other mathematics-related concepts as “logical and
mathematical thinking,” is not accurate given previous research on preschoolers’
cognitive development. Further research is needed to focus the construct's definition and
revise the titles of engineering thinking play behaviors, as currently the field has but a
small number of studies that have actually measured engineering thinking in play.
Additionally, play with bicycles, tricycles, and scooters was not included in the
analyses due to an unforeseen error during the data entry process. Anecdotally, data
collectors observed children regularly playing with bicycles, specifically in the traditional
playground setting, in which bicycles, tricycles, scooters, and wagons were made
available. Further development of this project will seek to correct this error in order to
include this variable in analyses of physical play.
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Furthermore, this study was an exploratory observational project, and was
therefore subject to some statistical limitations. The small sample size of 66 participants
did not allow for exploratory factor analysis, which would have been ideal in creating
conceptual groups of dependent variables. As a result, previous research and some
descriptive statistics were used to create conceptual groups.
Another necessary step that would enrich the current study would be parsing out
the individual play behaviors that were driving some of the gender and play setting
effects found in the combined play categories. For instance, it was clear, based on the
results, that boys' and girls' engagement in certain physical play behaviors may have
contributed to some of the specific observed gender differences in gross motor
locotomor/stability play and gross motor object manipulation play. It was speculated that
girls may have spent relatively more time in the Imagination PlaygroundTM setting,
crawling, sliding, jumping, and climbing on the blocks compared to manipulating them. It
would benefit the study to examine gender differences in some of the individual
engineering thinking play behaviors, as well, to explore potential gender differences in
specific types of engineering thinking. This could help clarify or qualify the nonsignificant gender effects we found for engineering thinking play.
Similarly, it should be noted that the Imagination PlaygroundTM, the traditional
playground, and the dramatic play were each different and provided different affordances
and play opportunities, depending on the setting and the play materials available.
Although each setting was intended provide different play opportunities, some
consideration should be made to these different affordances influencing potential results.
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Finally, future research is needed on engineering thinking play, not only because
the construct is new, but also because it is unclear what kinds of mechanisms and
processes are operating while preschoolers are engaging in engineering thinking play.
The current study, and all previous research on engineering thinking, has explored the
occurrence of behaviors that are associated with engineering thinking. However,
qualitative analyses of children's language while playing would be useful in explaining
the occurrence of each engineering thinking behavior in the context of vocabulary and
other ways of measuring individual children's cognitive abilities. It is also important for
research to consider the relation between engineering thinking play and preschoolers’
emerging mathematical abilities. Since engineering thinking play is meant to parallel the
ways in which engineers think, but on a preschool level, exploring its connection to
mathematics might benefit the development of early childhood educational practices and
curriculum, especially using loose parts during play. In summary, the Imagination
PlaygroundTM blocks’ success in promoting physical, social, and engineering thinking
play in preschoolers, supported the notion that loose parts play should be studied further
as a means of introducing engineering into the early childhood education literature.

REFERENCES

65

REFERENCES

Bairaktarova, D., Evangelou, D., Bagiati, A., & Brophy, S. (2011). Early engineering in
young children's exploratory play with tangible materials. Children, Youth and
Environments, 21(2), 212-235.
Bagiati, A. (2011). Early engineering: A developmentally appropriate curriculum for
young children. (Unpublished doctoral dissertation). Purdue University, West
Lafayette, IN.
Bagiati, A. & Evangelou, D. (2011, October). Starting young: A developmentally
appropriate curriculum for early education. In Proceedings of the Research in
Engineering Education Symposium. Madrid, Spain.
Bandura, A. (1962). Social learning through imitation. Lincoln, NE: University of
Nebraska Press.
Barr. R., Dowden, A., & Hayne, H. (1996). Developmental changes in deferred imitation
by 6- to 24-month-old infants. Infant Behavior & Development, 19(2), 159-170.
doi: 10.1016/S0163-6383(96)90015-6
Barr, R., Vieira, A., & Rovee-Collier, C. (2001). Mediated imitation at 6 months of age:
Remembering by association. Journal of Experimental Child Psychology, 79,
229–252. doi: 10.1006/jecp.2000.2607

66
Blair, K. A., Denham, S. A., Kochanoff, A., & Whipple, B. (2004). Playing it cool:
Temperament, emotion regulation, and social behavior in preschoolers. Journal of
School Psychology, 42(6), 419-443. doi: 10.1016/j.jsp.2004.10.002
Blanchet-Cohen, N., & Elliot, E. (2011). Young children and educators engagement and
learning outdoors: A basis for rights-based programming. Early Education and
Development, 22(5), 757-777. doi: 10.1080/10409289.2011.596460
Brophy, S., & Evangelou, D. (2007). Precursors to engineering thinking (PET). In
Proceedings of the Annual Conference of the American Society of Engineering
Education. Washington, D.C.: American Society for Engineering Education.
Caldera, Y. M., McDonald-Culp, A., O'Brien, M., Trugilio, R. T., Alvarez, M., & Huston,
A. C. (1999). Children's play preferences, construction play with blocks, and
visual-spatial skills: Are they related? International Journal of Behavioral
Development, 23(4), 855-872.
Campbell, S. D., & Frost, J. L. (1985). The effects of playground type on the cognitive
and social play of grade two children. In J. L. Frost, & S. Sunderlin (Eds.), When
Children Play. Wheaton, MD: Association for Childhood Education International.
Cardon, G. M., & Ils De Bourdeaudhuij, I. M. M. (2008). Are preschool children active
enough? Objectively measured physical activity levels. Research Quarterly for
Exercise and Sport, 79(3), 326-332. doi: 10.1080/02701367.2008.10599496
Carlton, M. P., & Winsler, A. (1999). School readiness: The need for a paradigm shift.
School Psychology Review, 28(3), 338-352.

67
Crick, N. R., & Grotpeter, J. K. (1995). Relational aggression, gender, and socialpsychological adjustment. Child Development, 66, 710-722. doi:
10.2307/1131945
Denham, S. A., Bassett, H. H., Thayer, S. K., Mincic, M. S., Sirotkin, Y. S., & Zinsser, K.
(2012). Observing preschoolers' social-emotional behavior: Structure, foundations,
doi: 10.1080/00221325.2011.597457
Denham, S. A., Blair, K., Schmidt, M., & DeMulder, E. (2002). Comprised emotional
competence: Seeds of violence sown early? American Journal of Orthopsychiatry,
72(1), 70-82. doi: 10.1037//0002-9432.72.1.70
Denham, S. A., & Burton, R. (1996). A social-emotional intervention for at-risk 4-yearolds. Journal of School Psychology, 34(3), 225-245. doi:
10.1016/00224405(96)00013-1
Denham, S. A., Zahn-Waxler, C., Cummings, E. M., & Iannotti, R. J. (1991). Social
competence in young children's peer relations: Patterns of development and
change. Child Psychiatry and Human Development, 22(1), 29-44. doi:
10.1007/BF00706057

Desouza, J. M. S., & Czerniak, C. M. (2002). Social behaviors and gender difference
among preschoolers: Implications for science activities. Journal of Research in
Childhood Education, 16(2), 175-188. doi: 10.1080/02568540209594983
Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P.,
Pagani, L. S., Feinstein, L., Engel, M., Brooks-Gunn, J., Sexton, H., Duckworth,
K., & Japel, C. (2007). School readiness and later achievement. Developmental
Psychology, 46(6), 1428-1446. doi: 10.1037/0012-1649.43.6.1428

68
Erikson, E. H. (1950). Childhood and society. New York, NY: Norton.
Evangelou, D. (2010). Why STEM now? Guest Editorial: Child Development
Perspectives in Engineering Education. Early Childhood Research and Practice,
12(2). Retrieved from: http://ecrp.uiuc.edu/v12n2/editorial.html
Evangelou, D., Dobbs-Oates, J., Bagiati, A., Liang, S. & Choi, J.Y. (2010). Talking about
artifacts: Preschool children’s explorations with sketches, stories, and tangible
objects. Early Childhood Research and Practice 12(2). Retrieved from:
http://ecrp.uiuc.edu/v12n2/bagiati.html
Farley, T. A., Meriwether, R. A., Baker, E. T., Rice, J. C., & Webber, L. S. (2008).
Where do the children play? The influence of playground equipment on physical
activity in free play. Journal of Physical Activity and Health, 5, 319-331.
Fein, G., Johnson, D., Kosson, N., Stork, L., & Wasserman, L. (1975). Sex stereotype
and preferences in the toy choices of 20-month-old boys and girls. Developmental
Psychology, 11, 527-528. doi: 10.1037/h0076675
Fleer, M. (2012). The development of motives in children's play. In M. Hedegaard, A.
Edwards, & M. Fleer (Eds.), Motives in children's development: Culturalhistorical approaches (pp. 79-96). New York, NY: Cambridge University Press.
Freeman, N. K. (2007). Preschoolers' perceptions of gender appropriate toys and their
parents' beliefs about genderized behaviors: Miscommunication, mixed messages,
or hidden truths? Early Childhood Educations Journal, 34(5), 357-366. doi:
10.1007/s10643-006- 0123-x

69
Freud, W. (1959). Beyond the pleasure principle. In J. Strachey (ed.), The Standard
Edition of the Complete Psychological Works of Sigmund Freud. London, UK:
The Institute of Psychoanalysis.
Frost, J. L. (1992). Play and Playscapes. Albany, NY: Delmar Publishers Inc.
Gallahue, D. L., & Ozmun, J. C. (2006). Understanding motor development: Infants,
children, adolescents, and adults (6th edition). New York, NY: McGraw-Hill.
Gelman, R. (2006). Young Natural-Number Arithmeticians. Current Directions in
Psychological Science, 15(4), 193-197. doi: 10.1111/j.1467-8721.2006.00434.x
Gopnik, A. (2009). The philosophical baby: What children's minds tell us about truth,
love and the meaning of life. New York, NY: Farrar, Straus & Giroux.

Hannon, J., & Brown., B. (2008). Increasing preschoolers’ physical activity
intensities: An activity-friendly preschool playground intervention.
Preventive Medicine, 46(6), 532-536. doi: 10.1016/j.ypmed.2008.01.006
Iannotti, R. J., & Wang, J. (2013). Trends in physical activity, sedentary behavior, diet,
and BMI among US adolescents, 2001-2009. Pediatrics, 132(4), 606-614. doi:
10.1542/peds.2013-1488
Jacklin, C. N., Maccoby, E. E., & Dick, A. E. (1975). Barrier behavior and toy preference:
Sex differences (and their absence) in the year-old child. Child Development, 44,
196-200. doi: 10.2307/1127703
Jackson, D. M., Reilly, J. J., Kelly, L. A., Montgomery, C., Grant, S., & Paton, J. Y.
(2003). Objectively measured physical activity in a representative sample of 3- to
4-year-old children. Obesity Research, 11, 420-425. doi: 10.1038/oby.2003.57

70
Imagination PlaygroundTM. (2014, June). KaBOOM! national non-profit. Retrieved from
http://kaboom.org/about_kaboom/programs/imagination_playground
Ladd, G. W., Birch, S. H., & Buhs, E. S. (1999). Children's social and scholastic lives in
kindergarten: Related spheres of influence? Child Development, 70(6), 1373-1400.
doi: 10.1111/1467-8624.00101
Lindsey, E. W., & Colwell, M. J. (2013). Pretend and physical play: Links to
preschoolers' affective social competence. Merrill-Palmer Quarterly, 59(3), 330360. doi: 10.1353/mpq.2013.0015
Loftus, G. R., & Masson, M. E. J. (1994). Using confidence intervals in within-subject
designs. Psychometric Bulletin & Review, 1(4), 476-490.
Meltzoff, A. N., & Moore, M. K. (1989). Imitation in newborn infants: Exploring the
range of gestures imitated and the underlying mechanisms. Developmental
Psychology, 25(6), 954-962. doi: 10.1037/0012-1649.25.6.954
Miller, E., & Almon, J. (2009). Crisis in the kindergarten: Why children need to play in
school. College Park, MD, Alliance for Children.
National Association for the Education of Young Children (2003). Early Childhood
Curriculum, Assessment, and Program Evaluation: Building an Effective,
Accountable System in Programs for Children Birth through Age 8. Position
Statement with Expanded Recourses. Retrieved from:
http://www.naeyc.org/files/naeyc/file/positions/CAPEexpand.pdf
Nicolopoulou, A. (2010). The alarming disappearance of play from early childhood
education. Human Development, 53, 1-4. doi: 10.1159/000268135

71
Park, B., Chae, J. L., & Boyd, B. F. (2008). Young children's block play and
mathematical learning. Journal of Research in Childhood Education, 23(2), 157162. doi: 10.1080/02568540809594652
Piaget, J. (1962). Play, dreams, and imitation in childhood. New York, NY: W. W.
Norton.
Piaget, J. (1973). Comments on mathematical education. Contemporary Education, 23(1),
5-10.
Romano, E., Babchishin, L., Pagani, L. S., & Kohen, D. (2010). School readiness and
later achievement: Replication and extension using a nationwide Canadian survey.
Developmental Psychology, 46(5), 995-1007. doi: 10.1037/a0018880
Schiller, F. (1954). On the aesthetic education of man. New Haven, CT: Yale University
Press.
Segal, M., Montie, J., & Iverson, T. J. (2000). Observing for individual differences in the
social interaction styles of preschool children. In K. Gitlin-Weiner, A. Sandgrund,
& C. Shaefer (Eds.), Play diagnosis and assessment, (2nd edition) (pp. 544-562).
Hoboken, NJ: John Wiley & Sons Inc.
Sroufe, L. A., Schork, E., Motti, F., Lawroski, N., & LaFreniere, P. (1984). The role of
affect in social competence. In C. E. Izard, J. Kagan, & R. B. Zajonc (Eds.),
Emotions, cognition, & behavior (pp. 289-319). Cambridge, UK: Cambridge
University Press.

72
Strong, W. B., Malina, R. M., Blimkie, C. J. R., Daniels, S. R., Dishman, R. K., Gutin, B.,
Hergenroeder, A. C., Must, A., Nixon, P. A., Pivarnik, J. M., Rowland, T., Trost,
S., & Trudeau, F. (2005). Evidence based physical activity for school-age youth.
The Journal of Pediatrics, 146(6), 732-737. doi: 10.1016/j.jpeds.2005.01.055
Sutton, M. J. (2011). In the hand and mind: The intersection of loose parts and
imagination in evocative settings for young children. Children, Youth and
Environments, 21(2), 408-424.
Tannock, M. T. (2008). Rough and tumble play: An investigation of the perceptions of
educators and young children. Early Childhood Education Journal, 35(4), 357361. doi: 10.1007/s10643-007-0196-1
Thompson, B. (2004). Exploratory and confirmatory factor analysis: Understanding
concepts and applications. Washington, DC: American Psychological Association.
Trost, S. G., Sirard, J. R., Dowda. M., Pfeiffer, K. A. & Pate, R. R. (2003). Physical
activity in overweight and nonoverweight preschool children. International
Journal of Obesity, 27, 834-839. doi: 10.1038/sj.ijo.0802311
Villalobos, A. (2009). The importance of breaking set: Socialized cognitive strategies and
the gender discrepancy in mathematics. Theory and Research in Education, 7, 2745. doi: 10.1177/1477878508099748

APPENDICES

73
Appendix A.

Tables

74

75

76
Appendix B.

B.1

Observation Forms

Child Observation Forms

77

78
B.2

Observation Category Definitions

79

80

